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ABSTRACT
~

In the mid-1980s, hospitals increased enployment ofregistered nuraes
whil e substantially reducing staffing of |icensed practical nurses and
ancillary nursing personnel. Geater hospital demand forregistered nurses
resulted in a nursing “"shortage®. Qur cross-sectional estimates indicate that
nurae wage rates, hospital outputs, and market conpetition affect hospita
demand for nurses. However, changes in wages and hospital outputs do not
account for higher hospital demand for registered nurses in the 1980s.
Substitution of registered nurses for the |lower-skilled nursing categories in
order to achieve a nore coat-efficient nmix of nursing personnel was nore

i nportant in increasing demand.
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HOSPI TAL DEMAND FOR NURSES..

1.0 INTRODUCTION AND BACKGROUND

Maj or changes have occurred in hospital narkets in the 1980s. In an
attenpt to contain spiraling Medicare expenditures, the Federal government
adopted the Prospective Payment Systemin 1983 to reinburse hospitals for
inpatient treatment of Medicare beneficiaries. In place ofthe previous
retrospective cost-based rei nbursenment, hospitals are now paid
prospectivel y-determined | unmp sum amounts based ea patient diagnosis. In
addition, "peer review organizations" were adopted to reduce nedically
unjustified inpatient adnissions. Private health insurers have also attenpted
to reduce costs and utilization through increased use of managed care,
bargaining on price with nmedical providers, and utilization review activities.

The apparent effect ofthese efforts has been fewer, but nore severely
ill, inpatient adnmissions, lower length of stay, and increased outpatient
activity (Table 1) .} From 1980 to 1987, short-term general hospital
admi ssions fell by 13 percent and | ength of stay by 5 percent, but outpatient
visit3 rose 20 percent. Medicare casemix, a neasure of the expected resource
intensity of Medicare inpatients, increased 13 percent from 1981-87.

The rapid changes in hospital outputs mght be expected to have
i mportant inplications forhospital derived demand for inputs. Nursing
personnel are the nost nunerous category of hospital enployees, accounting for
nearly two-fifths of hospital enploynent. The three major types of nursing
personnel had very different experience3 during the 1980s (Table 1). From
1980 to 1987, hospital enploynent of registered nurses (RNs) rose from 600, 000
to 737,000, an increase of 23 percent. Conversely, enployment of the
| ess-highly-trained |licensed practical nurses (LPNs), and ancillary nursing

personnel (ANP) fell by 25 percent and 10 percent, respectively. Thus, there
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has been a substantial upgrading of the skill mx of hospital nursing

personnel in the 1980s.

Table 1 about here

Hospitals' desire to enploy RNs increased so rapidly during the 1980s
that reports of a "nursing shortage" developed. Mst analysts of this
situation believe that the "shortage" was due primarily to increased hospita
demand for RNs, rather than supply factors, because actual enploynent of RNs
has increased ao rapidly (Robertset_al,, 1989; U.S. Department of Health and
Human Services, 1988).

One of the nmost inportant trends thought to increase demand for RNs as
compared to leas skilled nursing personnel is the greater illness severity of
inpatients. Concern overthe "shortage®™ of RNs has pronpted proposals for an
i ncrease in Medicare hospital reinbursenent to raise nurae salaries, and for
expanded federal subsidies to nursing education (US. Departnent Of Health and
Human Services, 1988).

In spite of the policy inmportance of understandi ng hospital demand for
nurses, little econonetric evidence has been presented on the issue. Using
1969 data, Ehrenberg (1974) found some evidence that hospitala substitute LPNs
for RNs in response to their relative wages, but while the own-price effects
were negative, the cross-price effects wereusually insignificant. Moreover,
al though empl oyment in private nonprofit andfor-profit hospitals did respond
to relative wages, state and |local governnent hospital enploynment was
insensitive to the wages of different categories ofnurses. Sloan and
Steinwal d (1980) estinmate equations for RNs per bed and LPNs per bed using
pool ed 1969 to 1975 data. They found that nmpat of the own price effects were
negative and the cross-price effects were positive. Robinson (1988) estinated
reduced-form equations for hoapital nurse enployment and skill mix. He found
that hospitals in nmore conpetitive markets enpl oy nore nurses and a hi gher
skill mix of nursing personnel. None of these studies focuses on the effects

of hospital output on demand for nurses
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In this paper, we present cross-section estimtes of hospital demand for
regi stered nurses and nursing personnel mx using primarily 1982 data. Qur
estimates provide basic evidence on the factors influencing hospital demand
for nurses, in particular hospital outputs, nurse wage rates, the
substitutability of LPNs and ANP for RNs, and market conpetition. Moreover,
the estimates can be used to help understand the dramatic changes in nursing
personnel mx that occurred in the 1980s. Qur estimates inply that the
changes in hospital outputs and nurse wages since 1982 donot account for the
i ncreased demand forRNs. Anore inportant factor seems to be that hospitals
i mproved the efficiency oftheir nursing personnel mx in the m d-1980s.
However, changes in outputs, wages, or nursing mx do not fully account for
the increases in RN staffing. W discuss some of the other factors that may

be involved in our concluding comments.

2.0 SPECI FI CATI ON or DEMAND EQUATIONS

To specify the demand equations for nurses, we rely on the standard
econonmi ¢ theory of the demand for |abor of a cost-minimizing firm Mninmzing
the cost of producing output subject to a production technology yields the
conditional factor demands as functions of input prices and output (Varian
1978). W assume that hospitals first determine (or forecast) output, then

develop their input denmands. In this recursive system output can be treated

-

as exogenous in the demand equati ons.
Assumi ng cost-mininmization may be unwarranted because hospitals were
general ly reinbursed for their incurred costs during our sanple period (1982),
giving themlittle incentive to provide services efficiently.' Nevertheless,
the standard theory of the derived demand for inputs provides a useful basis
for specification of demand rel ationships. Because of the tenuous nature of

the cost-nminimzation hypothesis, however, we do not use the demand estimates

to infer the substitution possibilities of the nursing production function
focus on the nore basic question of whether our estinmates are

with cost-mnimzing behavior by hospitals. Mst inportantly, do

C el ¥ L. et e e . R . Lo . EEEENRN
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hospital s substitute against an input asits price rises relative to
substitutes?

W assume a three-factor production function £gg nursing services, wth
inputs of RN tine, LPN time, and ANP time. CQther personnel (e.g., unit
secretaries, medical technologists, and physicians) may substitute to sonme
extent for nursing personnel, and capital expenditures on building design and
moni toring equi pment can reduce nurse staffing requirements (U S. Departnent
of Heal th and Human Services, 1988). However, we believe that the three skill
| evel s of nursing personnel capture the nost inportant substitution
possibilities, so that other inputs can be ignored W thout significant bias.

Aspecific functional formforthe production technol ogy nmust be assuned
to derive estimable demand relationships. In recent econometric research,
‘“flexible' functional formsthat can provide a second-order approxination to
an arbitrary production technology have gained favor. However, although they
furnish a nore flexible |ocal approximation, these forns do not necessarily
have better gl obal approxinmation properties than sinpler functional forns
(Chanmbers, 1988). The flexible forms are nmost useful in deriving accurate
estimates of substitution possibilities when cost mnimzation can be
reasonably assuned. They are not necessarily better suited to our purpose of
testing the basic consistency of hospital behavior with cost mnimzation.
Moreover, the conditional factor demands associated with several popul ar
flexible forns, including the translog, are nonlinear in the paraneters, and
thus are difficult to estimte and interpret.3

A conveni ent specification of the demand for registered nurses can be

derived from the Cobb-Douglas production structure (varian, 1978):

In(RN) = ao + Gl*ln(wLPN/an) + az*ln(wm/wm) + a3*ln(Y), (1)

where Wppy IS the wage rate of LeNs, Wpy IS the RN wage rate, Wayyp is the ANP
wage rate, and Y is hospital output. The coefficients a; and a; allowus to

test whether RN denmand is sensitive to relative wages, and a9 indicates the
responsi veness of demand to hospital output.

. .-4 -
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Intuitively appealing demand equations for hospitals’ mix of nursing

personnel can be derived fromthe nonhonothetic constant elasticity of

substitution technology (Sato, 1977): ~
1n(RN/LEN) = by + by*Ln(Wppy/Wgy) + ba*ln(Y) (2)
1n(RN/ANP) = cq + cy*ln(Wanp/Way) t co*ln(Y). (3)

The coefficients by and cl test the sensitivity of nursing staffing mx to
relative wages (if hospitals mininmze costs, they are the elasticity of
substitution between RNs and LPN, and RNs and ANP). The coefficients b2 and
cp indicate the effect of output on nursing mx. If mix is invariant to the
scale of output (b2=c2=0), the provision ofnursing services is characterized
by a honothetic technol ogy.

The denmand rel ationships (1)=(3) explain nurse demand by relative wages
and output. In addition to these equations, we estimate a relationship that
expl ains RN enpl oynment by LPN and ANP staffing and output. This equation is
derived by solving the Cobb-Douglas production function Y = A{(RN)2 (LPN)P(aNp)C
for RN

In(RN) = C - (b/a) 1n(LPN) - (c/a)ln(ANP) + (1/a)ln(Y), (4)

where A and C are constants. Equations anal ogoua to (4) have been used to
estimate | abor "requirements® as a function ofthe capital stock and out put
(Intriligator, 1978, pp. 286~87). Thus, we refer to equation (4) as the RN
requirements equation. Because equation (4) is just a restatenent of the
production function, eatinating it aaaunea only technical efficiency in
hospital production. The estimates can be used to teat the stronger assunption
i nherent in the demand equations that hospitals are using a coat-mninimzing
m x of nursing personnel.

The coefficients of LPN and ANP in equation (4) provide direct estinates
of substitution poaaibilitiea in nursing services. Holding output constant,

how much do hospitals that uac nore LPNs and ANP reduce their RN staffing, if

5
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at all? Under the Cobb-Douglas assunption, the margi nal ratsoftechnica
substitution (MRTS) between RNs and LPNs is (b/a) (RN/LPN) and between rNs and
ANP is (c/a) (RN/ANP) (Varian, 1978). Hence, the coefficients of LPN and ANP
in equation {4), together with the average rati os of RNs to LPN3 and rns tO
ANP, can be used to calculate the average MRTS anong nursing personnel in a
sanmple of hospitals. |If these hospital 3 are enploying a cost-mnimzing mx
of nursing personnel, the MRTSs should equal the correspondi ng wage rati os.

Since the late 19303, the market forregistered nurses has been
characterized by recurrent "shortages" (Yett, 1975). (One probable reason is
that the hospital |abor force has been expanding morerapidly than enploynent
in other sectors of the econony. Hospitals have had to continually raise
wages to attract more workers. If wages are raised with a lag, dynamc
shortage3 of the type noted by Arrow and Capron (1959) in the market for
engi neers can arise. Enploynent is constrained by supply until the wage rises
to its equilibrium level. Persistent reports of shortages have also led Yett
(1975) and other3 to note that if hospitals are monopsonists in the market for
RNs, "equilibrium® shortages can exist. Hospitals would like to hire nore
nurses if they could do so at their current wage. Because they are facing an
upwar d- sl opi ng supply curve for nurses, however, they would have to raise
their wageto attract nmore nurse |abor, 90 they do not, in fact, increase
empl oyment.  Hospitals nmight report the difference between their nonopsonistic
enpl oynent and their desired enploynent at the nonopsony wage as a persistent
shortage of nurses.

In either case--a dynam c shortage with ®sticky” wages OfF
nmonopsony - - observed nurse wage/ enpl oynent pairs identify points on the supply,
not the demand, curve. However, if hospitals' reported shortages (i.e.
budgeted vacanci es) are added to actual enploynent, the (input-price-taking)
hospital demand curve for nurses is identified even under condition3 of
dynani ¢ shortage or monopseny.* This is the approach we take to identifying
the hospital demand relationships (1)=(3) in our enpirical work. Because the

RN requirenents equation (4) is a production, not a demand relationship, we do
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not add vacancies to enploynent for that equation. W do include contract
(i.e., tenporary) nursesinaddition to enployees in the requirenents equation.

A final issue in the specification ofequations, (1)-(4) is the
measurenment ofhospital output. Hospitals are multiproduct firns. Simply
usi ng di scharges or inpatient days as the hospital output neasure does not
account for the wide variety of cases hospitals treat, nor the increasingly
i nportant outpatient activity of hospitals. | deal |y, the nunber of cases a
hospital treats in each diagnostic category would be included anong the out put
neasures, but the large nunmber of different diagnoses (Medicare uses 470 to
determine its paynent rates) nekes this approach inpractical. A reasonable
conpromise is a "hedonic" approach that includes a few descriptors of the type
of hospital output in addition to basic measures of scale such as discharges
and outpatient visits. The hedonic approach has al so gained favor in
measuring output in other industries (see Spady and Friedl atnder, 1978, for an
early exanple).

The nost important hedoni ¢ descriptors of output (discharges) for
hospitals are diagnostic mx of cases treated, or "casemix”, and average
length of stay. A casemix index collapses a hospital's diagnostic mx of
cases into a scalar neasure by weighting proportions ofdiagnoses treated by
expected resource intensity by diagnosis, and summing. Average |length of stay
nmeasures hospital production of "hotel-type" services; nore days in the
hospital for the average patient should raise demand for nursing services,

ot her things equal.

3.0 DATA

To estimate hospital demand for nurses, wage rates of nursing personnel
are necessary. To our know edge, no hospital-specific wage data for RNs,
LPNs, and ANP are available for a large, nationally-representative sanple of
hospitals. Instead, we use the nedian hourly earnings of RNs, LPNs, and
nursing aides, orderlies, and attendants from a special tabulation of the 1980

Census of Population and Housing purchased by the Health Care Financing
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Adnministration forregulatory purposes. These data are highly accurate
because they aredervedfromthe full 20 percent O the popul ation sanple
that was asked earnings questions in the 1980 Census,.pot the 1 or5 percent
public use files. Qccupation, earnings, and hours worked are self-reported to
the Census and referto cal endar year1979. Earnings by occupation were
tabul ated for each ofthe 317 Metropolitan Statistical Areas (Msas) and the 49
aggregations of nonnetropolitan counties in a state (all New Jersey counties
are metropolitan). Thus, there are 366 distinct observations ofnurse wage
rates. The hourly earnings of LeNs vary from 58to90 percent of RN earnings
across areas, Wwhile the earningsof ANP range from40 to 68 percent of RN
earnings. Because the Census hourly earnings data are defined for market
areas, and include nonhospital as well as hospital nurses, they are better
measures than hospital-specific wage data of the exogenous relative wage3
faced by hospitals in their market area.

Di agnostic mx ("casemix™) of patients treated is an inportant
descriptor of hospital output, which we expect to be closely related to
nursing intensity. Unfortunately, no caaenix data are available for all
patients treated for all hospitals. However, weobtained a 1983 casemix i ndex
for Medicare patients. The index is defined as the sum of the proportions of
470 different diagnoses treated in each hospital weighted by the national
average coat for that type of case, standardized by the national average cost
for all cases. Medicare patients account for about 30 percent of total
short-term general hospital adni ssions and Medicare casemixis hi ghly
correlated with casemix for all patients. W also obtained each hospital's

ratio of interns and residents to beds for 1983, which is a continuous neasure
of a hospital's teaching role.

The source for all other variables is the annual Anmerican Hospital
Associ ation (aHA) Survey of Hospitals. W chose to use 1982 awa data in part
to be tenporally consistent with our 1979 wage data and 1983 casemix data.
Moreover, 1982 is prior to the significant changes in Medicare hospital
rei nbursenent beginning in 1983that make interpretation of cross-sectional

estimates as long-run equilibrium quantities problematic for the succeeding

-8~
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years. |n 1982, hospitals had low average vacancy rates of 3.7 percent for
RNs, 2.0 percent for LPNs, and 1.2 percent for ANP, supporting the equilibrium
interpretation (i.e., hospitala were generally able e hire as nmany RNs, LPNs,
and ANPasthey w shed). an additional advantage of using data prior to 1985
is that budgeted vacancies and contract personnel weze collected on the aHA
annual survey only until 1984. Some random measurenent error i s involved in
usi ng 1979 wages and 1983 casemix Wi th 1982 enpl oynent, which may inpart a
downward bias to the wage and casemix coefficients. However, relative wages
and casemix were unlikely to be changing rapidly over the relevant period.
Moreover, proportional change in relative wages (casemix) in all areas
(hospitals) is absorbed into the constant term of our |ogarithmc regressions
without biasing the wage (casemix) coefficient.

Hospitals report full-tine and part-tine &N, LPN, and ANP enpl oyees to
the AHA. These were converted into full-time equival ents (rres) by addi ng
one-half ofpart-time enploynent to full-tine enployment. Only total
vacanci es and contract personnel are reported: we assuned that the ratio of
FTEs to total positions was the same anong vacancies and contract personnel as
anong each hospital's enployees. Ourdependent variables werethen
constructed by adding rTE budgeted vacancies (for the demand equations) or
contract personnel (for the requirenents equation) to FTE enployment. As
additional descriptors of hospital outputs, we include intensive care days as
a proportion of total inpatient days, inpatient and anbulatory surgical
operations per discharge and outpatient visit, respectively, and births per
discharge.3 The hospital occupancy rate controls for capacity utilization.
Hospital ownership (private nonprofit, government, and for-profit) and
rural -urban | ocation neasure different hospital objectives, efficiency,
treatnent intensities, and types of patients. A herfindahl index of hospital
beds in a metropolitan area orin a rural county captures the extent of
conpetition in a hospital's market area.

The 1982 a#a surveycontains 5687 nonfederal short-term general
hospitals. Elimnating hospitals with inputed or mssing data on any of our

vari abl es reduces the sample to 1612. In addition, hospitals with zero LPNs,

-9~
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ANP, or outpatient visits areat corner solutions not allowed by our
specifications, so they areal so deleted. Ofthe 1612 hospitals, 11.7 percent
reported no ANP, 1.3 percent no LPNs, and 0.5 percent, no outpatient visits
(all hospitals enployed RNs). The final sanple site is 1402. Although this
is only one-quarter oft he universe of nonfederal short-term general

hospitals, our sanple is representative of the universe with respect to
hospital bedsize (175 on average for our sample versus 168 for the universe), 6
occupancy (68% versus 67%), proportion'of rurathospitals (48% for both), and
proportion of governnent-owned hospitals (29% versus 30% . However,
proprietary hospitals are sonewhat underrepresented in oursanple (9% versus
13% in the universe). Means and standard deviations for all variables used in
the regressions are shown in Table 2' forthe sanple of 1402 hospitals.

Table 2 about here

- - - -

4.0 RESULTS

Tabl e 3 shows ordinary |east squares estimtes of the three nurse demand
equations and the RN requirements equation. We wll discuss the denand
equations first. Hospital demand for RNs is influenced by the relative wages
of nursing personnel: both relative wage coefficients are significant at the
5 percent level in the Cobb-Douglas RN demand equation. The nagnitude of the
wage effects is rather small, however. Demand for RNs is estimted to
decrease by 2.3 percent for every 10 percent increase in the R¥ wage relative
to the LPN wage and by 6 percent for every 10 percent increase in the RNto
ANP rel ative wage. The greater responsiveness of RN demand to the relative

wage of ANP is surprising since LENs should be closer substitutes for RNs than

ANP.
Demand forthe mix of RNs relative to other nursing personnel is much
more responsive to relative wages than absolute RN demand. A 10 percent

increase in the RN t0 LPNwagereduces RN demand relative to LPN demand by

-10-
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18.4 percent. Simlarly, a 10 percent increase in the RN to ANP wage ratio
reduces RN relative to ANP demand by 13.0 percent. Taken together, the
estimtes ofabsolute and relative RN demand inply that LPN and ANP denmand is
much nore responsive to relative wages than is RN demand. The wage
coefficients provide evidence that, even in the era ofcost reinbursenent,
hospitals substituted against inputs whose relative price washigher. At
least in this mnimal sense, therefore, hospital behavior was consistent wth
cost mnimzation.

The coefficient ofdischarges is significantly less than one in the RN
demand equation, inmplying increasing returns to scale in the production of
nursing services. Ten percent nore discharges increases demand for RNs by
only 8.6 percent. Discharges has anegative coefficient in the two nursing
m X equations, although it is significant only in the RN/ANP regression
Hospitals tend to use a higher proportion of RNs in their nursing personne
mx at |ower scales of operation. This could be because LPNs and ANP cannot
substitute for RNs in all nursing activities, or because oflegal requirenents
to maintain certain mniml |evels of aNy staffing. The magnitude of the
nonhonot heticity in the nursing production function is small, although the
di scharge coefficients in the mx equations could be biased toward zero by the
exclusion from our sanple of hospitals that enploy no LPNs or ANP.

Tabl e 3 about here

- — - - —— - -

A nore costly diagnostic mx ofcases increases RN demand, both
absolutely and relative to | ess-highly-trained nursing personnel. A 10
percent increase in the expected cost of Medicare cases (i.e., in the Medicare
casemix index) raises RN demand by 6.9 percent and denand for RNs relative to
both LeNs and ANP by-about 8 percent, all else equal

A longer average length of atay raises RN demand, but not
proportionally. Ahospital demands 5.8 percent nore RNs when its length of
stay is 10 percent longer, inplying that the l|ater, recuperative days of a

stay are less RN intensive. In these later, less intensive days ofa stay, it

=11~
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m ght be expected that other nursing personnel could nore easily substitute
for mes. Indeed, a 10 percent longer |length ofstay reduces demand for RNs
relative to arby a statistically significant 2.0 pegcent. LPNs, however,
are less substitutable forRNs than ANP as |length of stay increases: the
length of stay coefficient, while negative, is small and statistically
insignificant in the RN/LEN mi X regression.

More out patient visits raise RN demand, but its snell coefficient
indicates strongly increasing returns to scale in the provision ofoutpatient
nursing services. Ten percent nore outpatient visits, g¢eteris paribus, raises
demand forRNs by less than 1 percent. Hospitals with nore outpatient visits
al so demand a more RN-rich nursing mix. This is presunably because outpatient
visits include energency roomand critical care visits, which require the nore
highly-trained rRNs. The nagnitude of the effect on nursing mix is again small..

All else equal, hospitals with | ower occupancy rates denmand nore RNs,
both absolutely and relative to other nursing personnel. This may be because
| ower -occupancy hospitals (e.g., small or isolated rural hospitals) are
maei ntaining a greater reserve margin of capacity, including RNs, but not LPENs
or ANP, to deal with random fluctuations in demand (Joskow, 1980). Or
hospitals may base their RN staffing, but not LPN or mpstaffing, in part on
hospital size. Because of higher turnover or recruitment costs, they may be
less willing to reduce RN staffing in response to possibly short-term
reductions in occupancy.

Intensive care of patients requires both nore RNs and nore oft hese
hi ghly-trained nurses relative to the | ess-skilled LPNs and ANP. A one
percentage point increase in intensive care days as a proportion of total
inpatient days raises RN demand by 2 percent, and by 1.7 percent relative to
LPN demand and 3.3 percent relative to AND demand. The |ower-skilled ANPare
thus | east associated with intensive care of patients.

As the nunber of surgeries per discharge or outpatient visit rises,
demand for RNs increases absolutely and relative to other nursing personnel.

RNs are better trained to provide services to these moredifficult cases than

LPNs Orf ANP. ANP seem to be especially pot associated with inpatient surgica

-12~
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operat ions, and LPNs pot. associated with outpatient surgical operations. A
hi gher proportion of maternity cases anpong discharges al so increases demand
for RNs absolutely and in the mx of nursing personnsl, al though the mix
effects are not statistically significant at the 5 percent level. A one
percentage point increase in the proportion of births is estimted to increase
RN demand by .8 percent.

Hospital characteristics affect the demand for nurses hol di ng constant
wages and the nunber and types of cases. A greater teaching role (neasured by
interns/residents per bed) increases ahospital's demand for RNs, probably due
to a moreintensive, *high technol ogy"” style of care and/or a nore severe m X
of patients not measured by our casemix variables. Teaching role also tends
to increase the demand for RNs relative to other nursing personnel, but these
"mix® effects are not statistically significant. Covernnent hospitals demand
fewer RNs, both absolutely (7 percent fewer) and relative to other nursing
personnel (10 percent fewer relative to LPNs and 28 percent relative to ANP),
than private nonprofit hospitals (the omtted ownership category). Governnent
hospitals seemto substitute LPNs and especially ANP for RNs. Proprietary
hospitals do not differ significantly fromprivate nonprofits in their demand
for RNs absolutely orrelative to LPNs. In contrast to governnment hospitals’
extensive use of ANP, proprietary hospitals use nany fewer ANP than ot her
types of hospitals (23 percent fewer aANP relative to RNs than private
nonprofits).

Hospitals located in nonmetropolitan (rural) counties demand 11 percent
fewer RNs, 24 percent fewer RNs relative to LPNs, and 14 percent fewer RNs
relative to ANP than urban hospitals, holding other regressors constant.

Rural hospitals seem to substitute ANP and especially LPNs for RNs. Their
| ess intensive style ofcarethan urban hospitals (Cromwel| et al., 1987),
and, possibly, |ess severecasesnot neasured by our casemix variables
probably account for their |ower demand for RNs.

Greater conpetition in a hospital's market area increases its demand for
RNs. Because we control for a |ower nonopsony demand for nurses by including

budgeted vacancies in the dependent variable, we interpret the herfindahl

~-13~
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coefficient as the effect of nonprice quality conpetition in the output

market. About 12 percent nore RNs are demanded, geteris paxibus, in highly
conpetitive markets (a herfindahl approaching zero)than in monopolistic
markets (a herfindahl of one). Conpetitive pressures also force hospitals to
upgrade their skill mx of nursing personnel. The RNto LPNratio is as nuch
as 50 percent higher in highly conpetitive than nonopolistic markets and the
RN to ANP ratio is about 11 percent higher (the latter effect is not
statistically significant). It appears that in conpetitive markets, hospitals
substitute rRNs for the [ower-skilled ANP and especially LPNs to attract
patients and physicians.

We now turn to the Cobb-Douglas RN requirements equation. Full-tine
equi val ent LeNs and ANP (including contract personnel) are entered as
expl anatory variables in this regression instead of relative wages. The ot her
regressors arethe same as in the three demand equations. Although the
theoretical interpretation of the coefficients of the output variables is
somewhat different than in the Cobb-Dougl as demand equation, 7 the esti mated
coefficients are verySimlar. Therefore, we focus on the LPN and ANP
coefficients. These coefficients are both negative and statistically
significant: hospitals that enploy nore LENs or nore AND enpl oy fewer RNs,
hol di ng hospital outputs constant. The negative LPN and ane coefficients are
direct evi dence of technical substitution possibilities in the production of
nursing services. Mreover, as expected, LeNs appear to be nore substitutable
for RNs than ANP. The estimated elasticities are small, however. Ten percent
nore LPNs reduce enpl oyment of RNs by only 1.2 percent and 10 percent nore ANP
reduce RN enploynment by only about .5 percent.

As expl ai ned above, the LPN and ANP coefficients can be used to
calculate the marginal rate of technical substitution (MRTS) between RNs and
LeNs, and rRNs and ANP. The estinated MRTSs are accurate only if the
Cobb- Dougl as formis a valid representation of the technol ogy of nursing
servi ces. In particular, the estimated MRTS is sensitive to the Cobb-Dougl as

assunption that one input (e.g., LPNs) is increasing difficult to substitute

for another (e.g., RNas) as lessofthe second input is utilized <(i.e., the

~14~
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assunption of aunitary elasticity of substitution). Under the Cobb-Douglas
assunption, the estimted average MRTS of LPNs for RNs in our sanple of
hospitals is (.124) (3.50) = .43, where .124 is the (absolute val ue of) the
coefficient of LPN in the RN requirements regression, and 3.50 is the average
ratio of RNs to LPN8 (including contract personnel) among sample (N 1402)
hospitals.  Similarly, t he average MRTS of ANP for RNs in sanple hospitals is
(.045) (2.85) = ,13. Thus, at the average relativa levels of enployment ofRNs
and LPNs O ANP in this sanple ofhospitals, one LPN could substitute for .43
RNs, and one ANP could substitute for .13 RNs, at the margin.

Hospi tal s are enpl oying acost-mnimzing mx ofnursing personnel only
if the MrTS between different types of nursing personnel equals the ratio of
their wages. The average LPN/RN wage rati o anong sanple hospitals was .72
(Tabl e 2), considerably greater than the estimated average MRTS of .43. The
average ANP/RN wage ratio was .52, also much larger than the estimted MRTS of
.13.8 Thus, in 1982, hospitals appear to have inefficiently underutilized RNs
relative to LPNs and ANP.  Among owner ship classes, government hospitals
appear to have been especially egregious in their underuse of RNs relative to
other nursing personnel, while proprietary hospitals were moreefficient in
their mx of RNs and ANP than other hospitals (these statenents are based on
the ownership coefficients in the RNV LPN and RN/ANP mi X equations, which
control for relative wages).

An alternative interpretation of the inequalities between the MRTSs and
the wage ratios is that hospitals had consi derabl e nonopsony power in the RN
| abor market, but not in the LPN or ANP | abor markets. Inthis case, the
mar gi nal cost of RNs to the hospital could be much higher than their wage, but
the margi nal cost of LPNs or ANP woul d be nearly equal to their wage. A
profit-maximizing nonopsoni st setsthe MRTS equal to the ratio of marginal
factor costs rather than the wage ratio. Thus, a LPN/ RN or ANP/RN wageratio
exceedi ng the corresponding MRTS could be consistent with monopsonistic
hospital behavior. However, it seems unlikely that, on average, hospitals had
enough nmonopsony power in the RN market, but not in the LPN and ANP narkets,

to account for the observed inequalities.
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5.0 | MPLI CATI ONS

The regression results reported in the previous section can be used to
hel p understand the nmaj or changes in hospital nurse staffing that have taken
place in the md-1980s (Table 1). Table 4 presents changes in hospital output
and wages from 1982 to 1987, and the estimted effects on RN demand, conputed
using the coefficients ofthe Cobb-Douglas RN denmand equation (Table 3).
(There was virtually no change in interns/residents per bed, ownership status,
and the herfindahl index.) \Were possible, changes were calculated for the
sanpl e of 1402 hospitals used for the 1982 regressions. W were able to match
1987 data for 1350, or 96 percent, ofthe 1402 hospitals using the 1987
American Hospital Association Survey tape. Median changes are usedrather
t han average changes because of extreme outliers in the percent changes of
some variabl es.  The 1982-87 change in several variables (e.g., wages,
casemix) could not be calculated for this sanple of hospitals. For t hese
vari abl es, nore approxi mate sources (generally national averages) were used

Because of the uncertainty in the regression coefficient estimtes and
sone of the 1982-87 changes, the estimated effects on &N demand are only
approxi mations. Nevertheless, certain general conclusions can be drawn from
Table 4. First, changes in relative nurse wages did not contribute to the
medi an hospital RN staffing increase of 10.9 percent. oOverthis period, RNs
wer e becom ng moze expensive relative to other nursing personnel, whichis
estimated to have reduced RN denmand by about 7 percent.  Second, changes in

hospital outputs also do not appear to account for the greater enployment of
RNS. Increasesindenmand for RNs due to a nobre severe casemix and nore
outpatient visits were offset by decreased denand from fewer di scharges and

" shorter length of stay. On net, output changes are estimated to have reduced
RN demand by about 6 percent.

Tabl e 4 about here
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Direct substitution of mRNs for LeNs and ANP seenms to have been nore
inmportant in explaining RN staffing increases. Using the coefficients of the
Cobb- Dougl as RN requirenents equation (Table 3), we estimate that about §
percent nore RNs were necessary to substitute for the 28 and 35 percent nedian
reductions in the LPN and aNe staff8 of oursanple ofhospitals. This
represents alnost half ofthe 10.9 percent median RN staffing increase.

By substituting rNs for LPN8 and ANP, hospitals nmoved to a nore
efficient mx ofnursing personnel. As shown above, in 1982 hospitals
under used Rus relative to LPNs and ANP.  Between 1982 and 1987, the hospitals
in our sanple increased their average RNLPN ratio from3.50 to 5.79, and
their RN/ANP ratio from 2.85 to 4.94.% Using the coefficients fromthe N
requirements regression (Table 3), the inplied MRTSs in 1987 are (. 124)(5.79)
= .72 of LpNs for RNs, and (.045) (4.94) = .22 of ANP foreNs. The estinmated
1987 average ratio of the LPNto RN wage is .66 and ofthe ANP to RN wage i S
.48.10  Thus, by 1987, hospitals enployed a roughly cost-minimzing mx of
LPNs and RNs, and had noved toward a nore efficient anp and RN nmix. CQur
estimates indicate, however, that hospitals still overenployed ANP relative to
RNs in 1987.11

6.0 CONCLUDI NG REMARKS

Hospital s reduced costs in 1982 to the extent of substituting agai nst
nursi ng personnel whose relative wage was higher in their |abor market area.
However, they did not, on average, enploy a cost-minimizing mix- of Nursing
personnel .  Since that tinme, the inplenentation of prospective paynent by
Medi care and greater price sensitivity on the part ofprivate third-party
nsurers has given hospitals greaterincentives for efficiency. One response
ofhospitals seems to have been a novenent toward a moreefficient mx of
nursing personnel. RNs are nore expensive than LeNs or ANP, but their
relative marginal product is such that they wereunderutilized by hospitals in

the early 1980s. By increasing their enploynent of rNs, and reducing their

-17-
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LPN and ANP staffing, hospitals had achieved a | ess costly nmix of nursing
personnel by 1987.

Neverthel ess, by our estimates, much of the increased hospital RN
staffing in the 1980s is not explained by changes in hospital outputs, nurse
wages, Or nursing personnel mx. 12 Revenue mar gi ns and conpetition may
explain at |least some ofthe rest. Hospital revenue margins (profits) were at
record highs in the early years ofthe Medicare Prospective Paynent System
(mid~1980s) (Prospective Payment Assessment Conmission, 1988). Hospitals,
whi ch as predom nantly nonprofit institutions nmust reinvest surplus funds, had
excess revenues that could be spent on increasing their input intensity or
quality ofcare. Hring RNs nade particul ar sense because of increased
conpetition for physicians and patients. RN staffing--both nunber of RNs and
a nore RN-rich mix of nursing personnel --is often viewed as an indicator of
thequality of nursing care in a hospital. I ndeed, our enpirical estinates
show that greater nmarket conpetition leads to a higher demand for RNs and for
RNs relative to LPNs and ANP. The inplenmentation of vol ume-based
rei nbursenent systems such as the Medicare Prospective Paynent System neant
that, to a nuch greater extent than previously, hospitals had to attract
patients to generate revenues. Increasing RN staffing may have been a good
means of doing so

As this is being witten in late 1989, the nursing "shortage" seens to
be easing. RN wage rates have risen dramatically in real terns and relative
to LPNs and ANP inthe late 1980s (U.S. Departnent of Labor, 1987, 1989). As
our estimates predict, this appears to have begun reducing hospital denmand for
RNs. There is evidence that in some areas RN vacancy rates are falling and
that hospitals are elinminating RN positions.}3 Thus, the RN *shortage", at
least in it8 acute phase, appears to be a temporary phenonenon that wll be

elimnated as wage rates adjust to their equilibriumval ues.
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FOOTNOTES
lother factors have also contributed to the change3 in hospital output3 during
the 1980s, including technol ogi cal advances that have all owed outpatient

surgery to substitute for sone inpatient surgery.

2previous enpirical work has questioned whether hospital 3 mininize costs in

their choice of nursing input3 (Ehrenberg, 1974).

3gquations expl aining the share ofeach factor input in costs take a sinple
form under the translog specification and are often estimated jointly with a
cost function (e.g., Spady and Friedlaender, 1978). However, the factor
shares are explained only by input price3 independent of output. Relating

factor shares to input prices is of linmted interest to us.

45 nonopsoni st does not have a demand curve in the usual sense of a

rel ationshi p between an exogenous wage and desired enploynent. However, by
addi ng vacancies, we identify the demand relationship that would exist if the
hospital took wage3 as exogenous, even if it is in fact a nonopsonist. Thus,
we interpret our result3 as the derived demand curve of a wage-taking
hospital. Qur results do not reveal how monopsonistic enpl oynent woul d
respond to change3 in supply and demand factors. Enpirical results are mxed
but the best evidence indicate3 that hospitals have |littl e monopsony power
(Adamache and Sl oan, 1982; Sloan, 1978). Thus, we believe that the demand

curve of a wage-taking hospital is the nost relevant relationship to estinate.

Seven though some discharges or visits may involve nultiple surgeries or

births, these variable3 can be approximately interpreted as proportions
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FOOTNOTES

(conti nued) ™

bour sanpl e of 1402 hospitals has the follow ng bedsize distribution conpared
to all nonfederal short-term general hospitals: |ess than 100 beds: 44%

versus 49% 100 to 300 beds: 30% versus 34% nore than 300 beds: 18% ver sus
17%

7tn the demand equation (1), the coefficient on output measures returns to
scale, while in the requirements equation (4), it is the reciprocal ofthe

elasticity ofoutput with respect to RNs.

8The LPN/RN and anNe/RN wage ratios are based on 1979 Census data. Since the
early 1980s, RN wages have risen relative to those of LPNs and ANP. If this

trend also held from 1979 to 1982, the 1979 valueswould slightly overstate
the 1982 val ues.

unlike the 1982 ratios, the 1987 figures do not include contract personne
because the aHA Survey of Hospitals did not collect this information in 1987.
This may create a slight downward bias in the 1987 ratios relative to the 1982
rati os because nore contract RNs are used than other types of nursing

per sonnel

10rthe wage ratios are estinated fromthe 1982 val ues (based on 1979 data) of

.72 and .52 reduced by the estimted percentage changes from Table 4.

llrhe hospital RN vacancy rate rose from 3.7 percent in 1982 to 11.3 percent
in 1987 (U.S. Departnent ofHealth and Human Services, 1988, Vol. I, p. 3},
while it likely that the ANP vacancy rate was very low in 1987. Thus

hospi t al s*
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FOOTNOTES

(conti nued) s

desired RN/anp ratio was higher in 1987 than the actual ratio, inplying less
inefficiency in demand for nursing mx than comparing the actual MRTS to the
wage ratio indicates. By the same token, the desired RN/LEN ratio was higher
than the actual ratio, which was approxi mately efficient according to our
estimates. This perhaps indicatest hat demand for LENswasinefficiently |ow

by 1987.

12pecause RNs may substitute for hospital personnel other than LPNs or ANP,
our estimates of the proportion ofthe increase in RN staffing attributable to
personnel substitution may be too low. Another factor not taken into account
in our estimates is the diffusion ofsophisticated new technol ogi es and
treatnment reginmes that are RN intensive (Roberts et _al,, 1989). However, it
seens unlikely that technol ogy diffusion was rapid enough over such a short

time period to account for much of the nurse staffing changes in the m d-1980s.

13goston G obe, Cctober 21, 1989, 'Nursing shortage eases as salaries rise'.
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TABLE 1
CHANGES | N HOSPI TAL QUTPUTS AND Nurse STAFFI NG DURING~THE 1980s

Per cent Change

Hospital Outputs 1980 19682 1984 1986 1987 1980 - 1987
Admissions?®

(millions) 36.2 36. 4 35.2 32.4 31.6 -12. 6%
Lenat h of stay®

(days) 7.6 7.6 7.3 7.1 7.2 -5.3
tangn]at ient visits?

[ions 206.8 210.4® 216.5 234.3 247. 7 19.8

Medicare Casemi

ndexb o 1.000 - - 1,059 1.114 1.134 13.4d
Nurse Staffing
RNs (100,000)P 6.00 6. 54 6.70 7.08 7.37 22.7
LPNs (100,000)P 2.22 2.35 2.00 1.69 1.68 -24.5
ANP (10(),000)b 2.54 2.82 2.51 2.20 2.29 -9.8
RNs as a Percent
of Tot al jursing
Per sonnel 55.8% 55.9% 59.8% 64.5% 65. 0% 16.5

RN = regi stered nurses, LPN = |icensed practical nurses, anp=
ancillary nursing personnel.

arotal nonfederal short-term general and other special hospitals, from
Anerican Hospital Association,” 1988, Table 1.

bror hospitals eligible for Medicare's Prospective Paynent System  Casemix
data are from Prospective payment Assessment Commission, 1989. Nurse staffing
was cal cul ated from the Anerican Hospital Association Annual Survey of
Hospital s conputer tapes.

€1981 val ue.
dpercent change 1981-87.
"Interpolated fromthe 1981 and 1983 figgures. Aone-tine change in the

Anerican Hospital Association Survey nake8 1982 outpatient visits inconparable
with other vyears.
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TABLE 2

MEANS AND STANDARD DCVI ATI ONS OF REGRESSI ON VARIABLES:

St andar d

Yariable -Mean —Deviation —Jouzce
RN® 120. 480 144. 697 1982 Ana
(RN/LEN) 2 3.539 6. 953 1982 ana
(RN/ANP) 2 2.893 4.077 1982 AHA
RNP 116. 037 135. 924 1982 aHA
LEND 45. 893 50. 480 1982 aHA
AnpP 58. 490 70. 416 1982 asa
LPN RN wage 0.715 0. 060 1980 Census
ANP/RN Wage 0.519 0. 055 1980 Census
Di schar ges 6730. 385 6194. 323 1982 AHA
Medi care casemix

i ndex 1. 027 0.088 1983 HCPA
Length of stay 6. 477 1. 430 1982 AnA
Qutpatient visits 42,484.630 60,651.168 1982 AHA
Cccupancy rate 0. 683 0. 145 1982 AHA
Percent intensive

care days 0. 054 0. 041 1982 anA
I npatient surgical

operations per discharge 0. 367 0.155 1982 AHA
Anbul atory surgical operations

per outpatient visit 0.021 0. 037 1982 AHA
Births per discharge 0. 088 0. 064 1982 AHA
Interns/residents per bed 0.021 0.075 1983 Hcra
Government  hospi t al 0.292 M- w- 1982 AHA
Por-profit hospital 0. 093 - 1982 AHA
Rural hospital 0.481 ——— 1982 ana
Her f i ndahl 0. 164 0. 140 1982 AHA
N 1402 1402 ———-

Note: RN = registered nurse, LPN = |[icensed practical nurse, aNe = ancillary
nursing personnel., 1982 ana = 1902 Anerican Hospital Association Annual
Survey of Hospitals, 1980 Census = special tabulation of 1980 Census of
Popul ation and Housing data, Hm= Health Care Financing Adminstration.

8rncludes full-tine equival ent enployees and budgeted vacancies.

brneciudes full-tine equival ent enployees and contract personnel.



TABLE 3
ESTIMATES OF HOSPITAL DEMAND FOR REGISTERED NURSES AND NURSING PERSONNEL MIX

T

—REPENDENTY VARIABLE
~Yaziable  __RN®C__ (au/1em®C__ (aw/aqe)®S___ _ agbr©
Constant -5.061* 1.107* 1.362+ -6.449*
(0.156) {0.378) (0.409) (0.189)
u'/“ 'Iq.c 0.229* 1.836* weone cncae
(0.113) (0.274)
ANP/RN wage® 0.600* sewen 1.30¢r  -----
(0.088) (0.218)
Lenb/ ¢ smmem eeeee s -0.124¢
(0.013)
ANpP © LR LR ————- ~0.045
(0.012)
Discharges® 0.864* -0.093 -0.090* 0.965+
(0.017) (0.043) (0.045) (0.025)
Medicare casemixz® 0.608* 0.834* 0.820+ 0.820+
(0.124) (0.315) (0.328) (0. 130)
Length of stay® 0.578+ -0. 067 -0.280* 0.690*
(0.044) (0.112) (0.117) (0.048)
Outpatient visits® 0.092' 0.070* 0.076. 0.134'
(0.013) (0.032) (0.033) (0.013)
Occupancy rate® -0.248* -0.291* -0.239+ -.203*
(0. 040) (0.101) (0.105) (0.042)
Percent intensive 2.033* 1.691* 3.299 1,937
care days (0.220) (0.557) (0.578) (0.229)
Inpatient surgical
operations per 0.569* 0.329 1.113 0. 629.
discharge (0.068) (0.172) (0.179) (0.071)
Ambulatory surgical .
operations per 0.685* 1.869* 0.327 0.754»
outpatient VisSit (0.228) (0.570) (0.590) (0.234)
births per dischazrge  0.799® 0.530 0.566 0.834¢
(0.133) (0.337) (0.351) (0.139)
Interns/residents 0.453* 0.449 0.337 0.332+
per bed (0.114) (0.290) (0.302) (0.119)
Government hospital «0.073» -0.104* ~0.277* -0.093»
(0.019) (0.047) (0.049) (0.020)
Cot-profit bospital -0.022 0.029 0.227* -0.044
(0.020 (0.070) (0.072) (0.029)
Rural hospital ~0.114¢ -0.242' -0.143% -0.156*
(0.021) (0.052) (0.053) (0.020)
Herf indahl -0.122» -0.534* -0.112 -0. 131,
£0.055) (0. 140) (0.144) (0.057)
R 0.948 0.233 0.292 0. 944
N 1402 1402 1402 1402

lota: RN = registered aurse, LPN = 1licensed practical nurse, ANP = ancillary
nursing personnel. Standard €rrors are in parentheses. e o *
indicates significance at the S pezcent level. '

2rull-time equivalent employment Sad budgeted vacancies.

brull-time equivalent ssployment and contract personnel.

SThe natural logarzitha of the variable is taken.
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TABLE ¢
preptcTep CHANGES | N HOSPI TAL REGISTERED NURSE DEMAND, 1982-872

Bstimated EBffect ON

Change 1982-687 RN pemand

Actual RN ataffing change 10.9% --
Nage Effacts

LPN/ RN wage -8.sP -1.93
ANP/RN wage -8.2b -4.9
Tot al -- -6.8
Qutput Effects
Di schar ges -20.8¢ ~18.0
Medicare Casemix 13,44 9.2
Length of stay -10.3¢ -6.0
Qutpatient visits 17.7® 1.6
Cccupancy rate -19.6¢ 4.9
Percent i Nt ensi ve caredays 1.5£.9 3.0
Inpatient surgical operations

per discharge -5.26/ £ -3.0
Anbul atory surgical operations

per outpatient  visit 2.2¢/ ¢ 1.5
Births per discharge 0.8¢f 0.6
Total -— -6.2
Qutput and wage effects -- -13.0

. Substitution EEE h
LPN -28.0¢ 3.5
ANP -34.7¢ 1.6
Total - 5.1

Note: RN = registered nucse, LPN = licensed practical nurse, ANP = ancillary
nur si n%opersonnel . The estimated effects are cal culated from the
%Jobb- ugl as demand function regression coefficients reported in Tabl e

3por the sanpl e of 1402 hospitals used for the‘regzessions reported in Table 3.

bestimated from unpublished U. S. Bureau of Labor statistics data tabul ated
trom the Current Popul ation Survey.

Cmedian of per cent changes for regression sanple of 1402 hospital s, cal cul ated
from 1982 and 1987 Anerican Hospital Asscciation (AHA) Annual Survey of
Hospitals tapes.

d1981-87 change foral | hospri tals eligible for Medicare's Prospective Paynent
Payment system taken tfrom Table 1.

©Calculated from outpatient visit figures for all nonfederal short-term
general hospitals in Table 1 because ofthe inconparability of 1982 outpatient
visits reportedonthe AHA survey with other years.

£1982-87 change in percentage points.

9gstimated fOr 1982-87 from trends in 1982 and 1985 AM annual survey data. A
change in the AHA suzveyafter 1985 nukes intensive cazedays figures
incomparable With @ 8rlier years.

Rcalculated fromthe coefficient8 of LPN and ANP in the RN requirements
tegression reported in Table 3.



